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If you consider content in White Rose Research Online to be in breach of UK law, please notify us by emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. By this time, the Korean War had already begun, and Karlman was approached by the U.S. Army to help improve the treatment of acute hypovolemic shock in field hospitals. Dextran was being used in replacement fluids after blood loss, due to its low incidence of allergic reaction.
Giants in Chest Medicine
Karlman's studies demonstrated that plasma expansion could be improved when experimental animals with acute hypovolemic shock were infused with large molecular weight fractions of dextran, these being un-extractable by the kidney -a valuable finding to help progress the care of wounded soldiers, as well as civilian patients with traumatic injury. They demonstrated the pulsatility of pulmonary capillary blood flow and its diminishment by increased pulmonary vascular resistance: Observations that resolved an ongoing debate of whether capillary blood flow in the low-pressure pulmonary system was pulsatile or continuous during a cardiac cycle.
In the early 1960s the incidence of heart disease was rapidly increasing in the United States, and there was a desperate need for methods to detect early signs of the failing heart. Following a nudge from his mentor, Karlman set about to address this issue: A decision that would set his trajectory to become a leading light in field of exercise physiology and medicine. Dr. Wasserman hypothesized that heart failure could be detected by an early onset of anaerobic metabolism during exercise, reflecting a paucity of oxygen supply relative to demand in the peripheral muscles consequent to the circulatory impairment imposed by the failing heart. The key was to expose the mismatch using an external stressor (exercise) and reveal it using pulmonary gas exchange measurements. The coupling of internal to external respiration would allow Dr. Wasserman to demonstrate a "threshold of anaerobic metabolism" during exercise -a thought that, in the course of time, led to the now established clinical concept of the "anaerobic threshold". Dr. Wasserman's original description of the anaerobic threshold concept was in cardiac patients and published in the American Journal of Cardiology in fall of 1964.
Achieving the breath-by-breath gas exchange measurements that would become the world standard in exercise testing, however, was technically demanding and would take almost 10 more years of work to realize. Rapidly responding oxygen analyzers, needed to measure the rapidly-fluctuating gas tensions at the mouth, were not yet readily available. What is more, in the early 1960s, "a computer" was still a job description, not an automated means of digital data processing! Dr. Beaver at Varian, the method of online computer analysis of breath-bybreath exercise gas exchange was finally realized in 1973. Later came the method for noninvasive detection of the anaerobic threshold by gas exchange, which, at the time of writing, is the most cited article in the 68-year history of the Journal of Applied Physiology.
In the 1970s in Los Angeles, a surgical team had begun treating patients with severe bronchial asthma using bilateral carotid body resection, presumably for symptomatic relief -a method that would soon become obsolete. Nevertheless, these patients were to provide a unique model for the study of the mechanisms controlling ventilation during exercise. It was thought that the carotid bodies normally contributed some proportion of the total drive to resting and exercising ventilation in man. Dr. Wasserman's studies published in the New England Journal of Medicine falsified this hypothesis: human subjects without carotid bodies were able to effect a completely normal exercise hyperpnea. The control of the exercise hyperpnea, described by some in physiology as "the ultrasecret", remains a focus of Dr. Wasserman's program to this day. Later that decade, in 1977, the U.S. Department of Labor approached Dr. Wasserman's Division to evaluate a large cohort of Los Angeles shipyard workers who had been potentially exposed to asbestos. The evaluation was to include a quantification of exercise intolerance and, if significant limitation was present, a statement on the primary mechanism of limitation. The legacy of this project was to be a visual interpretation of exercise data by a standardized arrangement of graphs in a 3-by-3 array of panels that facilitated rapid and reliable clinical interpretation of an individual's exercise response. This graphical arrangement received worldwide recognition and later became known as the "9 Panel Plot". It was presented to the world in the seminal textbook
Principles of Exercise Testing and Interpretation by Drs Wasserman, Hansen, Sue and Whipp, which is currently in its 5 th edition. That a large number of these shipyard workers turned out to be in good health, provided an early set reference ranges, which have been used internationally to discriminate abnormalities on exercise testing.
With the success of his breath-by-breath gas exchange measurements and interpretive methods, Dr. Wasserman's lab at Harbor-UCLA began to receive a steady influx of visiting physicians, keen to learn from the master about clinical interpretation of exercise responses. This lead to the establishment in 1984 of Harbor Practicum; a multi-day practical and didactic course on exercise testing and interpretation. This course, together with versions adapted with colleagues for presentation in Japan and Europe, graduated its 101 st class (67 th from Harbor-UCLA) in October 2016, and continues to provide a forum for education and the sharing of ideas within the global exercise testing community.
Throughout his career Dr. Wasserman placed great emphasis on promoting collaboration in research and education, bringing together disciplines and bridging international borders. His work has been exemplified by interdisciplinary and international researchers working together to move the field forward. Collaboration was evident from his early work with Dr. Beaver in bringing the power of digital computing to bear on physiological questions of the day, through to the present day with physiologists, cardiologists, and pulmonologists coming together from afar afield as Germany, China, Japan, and the USA to advance the pathophysiologic understanding of rare diseases with both heart and lung involvement. In all, Dr. Wasserman has contributed to training more than 100 clinical researchers from all over the world. Members of this extended academic family continue to produce an enormous volume of interdisciplinary, high-quality research garnering worldwide recognition. Dr. Wasserman himself remains active in production of original research articles -over 65 years after his first paper was accepted for publication. 
